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The ex  cited states of  73As have been in  ves  ti  gated via the 73Ge(p, ng)73As  re ac tion  with
the pro  ton beam en  er  gies from 2.5-4.3 MeV . The pa  ram  e  ters of the nu  clear level den  -
sity for  mula have been de  ter  mined from the ex  ten  sive and com  plete level scheme for
73As. The Bethe for  mula for the back-shifted Fermi gas model and the con  stant tem  -
per a ture  model  are  com pared  with  the  ex per i men tal  level  den si ties.
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IN TRO DUC TION
The struc  ture of 73As nu  cleus has been in  ves  ti  -
gated via sin gle pro ton trans fer re ac tions [1-3] and the
(p, t) re  ac  tion [4]. How  ever, these stud  ies are some  -
what in  con  sis  tent with each other. On the other hand,
in all sta tis ti cal the o ries the nu clear level den sity is the
most char ac ter is tic quan tity and plays an es sen tial role
in the study of the nu  clear struc  ture.
In this work we have in  ves  ti  gated the ex  cited
states of  73As and then de  ter  mined nu  clear level den  -
sity pa ram e ters of the Bethe for mula and con stant tem -
per  a  ture model for the 73As nu  cleus.
EX PER I MEN TAL  PRO CE DURE
A  thick  self-sup port ing  pel let  of  spec tro scop i -
cally pure nat  u  ral Ge was used as a tar  get. The pro  ton
beam of 2.5 MeV to 4.3 MeV en  er  gies was used for
bom  bard  ment to ex  cite the lev  els of  73As through the 
73Ge (p, ng)73As  re ac tion  (Q value = –1.12 MeV). The
tar get was placed at an an gle of 45 de grees with re spect
to the beam di rec tion and was thick enough to stop in ci -
dent  pro tons.  The  an gu lar  dis tri bu tions  were  mea sured
at 0°, 30°, 45°, 55°, 75°, and 90°. The g-rays were de  -
tected with a 70 cm3 co ax ial HPGe de tec tor with a res o -
lu tion of 1.9 keV for the 1332 keV line of 60Co. The ex -
ci ta tion func tions of var i ous g-rays have been mea sured
at 55° in the range of 2.5 MeV to 4.3 MeV beam en  er  -
gies to as cer tain that the chan nel of the com pound de cay 
is dom  i  nant as com  pared to the Cou  lomb ex  ci  ta  tion at
the in ci dent pro ton en ergy of 4.3 MeV. The other de tails 
of the ex per i men tal pro ce dure are given in our pre vi ous
pub li ca tions  [5,  6].
DATA  ANAL Y SIS
The gamma-ray spec  tra were an  a  lyzed us  ing the
com  puter code PEAKFIT  [7].  A  typ  i  cal g-ray spec  -
trum  at  90  de  grees  for  an  in  ci  dent pro  ton en  ergy of
4.3 MeV is given in our pre  vi  ous pub  li  ca  tion [8]. The
ex ci ta tion func tions of all the ob served g-rays were an a -
lyzed care  fully as a func  tion of en  ergy and those from
(p, ng) re ac tion were eas ily iden ti fied with a char ac ter is -
tic rise above their thresh  old en  ergy. The rel  a  tive
branch  ing ra  tios used for fur  ther anal  y  sis are the
weighted av  er  age of the re  spec  tive val  ues  at  4.0 MeV
and 4.3 MeV bom  bard  ing en  er  gies.
The ex  trac  tion of multipole mix  ing ra  tios of the
ob served tran si tions and the as sign ment of spin val ues
to the ex  cited lev  els were made from the c2-fit ting  of
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ergy. The op ti  cal model pa ram  e ter sets given by C. M.
Perey and F. G. Perey [9], which are based on the re  -
sults of F. G. Perey [10] for pro  tons and Wilmore and
Hodgson [11] for neu  trons, were used to cal  cu  late the
trans mis sion  co ef fi cients.  Be side  the  ob served  neu -
tron chan  nel, all known (p, p'g) chan  nels and (p, ng)
chan  nels were in  cluded as com  pet  ing chan  nels. The
Moldauer was also taken into ac  count width the fluc  -
tu a tion  cor rec tion  [3]. The typ i cal  ex per i men tal  an gu -
lar dis tri bu tions of some of the ob served tran si tions to -
gether  with  the o ret i cal  curves  for  dif fer ent  pos si ble
spins of the lev  els and the re  spec  tive c2-fit ting  are
given in our pre vi ous pub li ca tion [8]. The 0.1% con fi -
dence limit was used to ex  clude un  ac  cept  able spins
and d  val ues.  The  co ef fi cients  A2 and A4 from the
poly no mial  fits  to  the  ex per i men tal  dis tri bu tion  along
with the multipole mix ing ra tios (d) are given in tab. 1.
STA TIS TI CAL  FOR MULA
The  nu clear  tem per a ture  T  can be de  fined by the
nu  clear level den  sity r(E) [12]
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The  in te gra tion  yields  the  con stant  tem per a ture
Fermi gas for  mula [13]
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The  nu clear  tem per a ture  T and the ground state
back shift E0 can be de ter mined us ing the ex per i men tal 
data on the level den  sity. The Bethe for  mula of the
level den sity [14] for the back-shifted Fermi gas model 
[15, 16] can be writ  ten
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In this case, the level den sity pa ram e ter a and the
ground state back shift E1 are ob  tained by a fit to the
ex per i men tal  re sults.  The  dis tri bu tion  of  spins  J is de  -
ter  mined [13, 14] by the spin cut-off pa  ram  e  ter s2
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With this spin dis  tri  bu  tion, the spin-de  pend  ent
level den  sity is
r r ( , ) ( ) ( ) E J E f J = (5)
where s
2 is re lated to an ef fec tive mo ment of in er tia Ieff 
and to the nu  clear tem  per  a  ture T [12, 15]
s
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The nu clear mo ment of in er tia for a rigid body is 
I MR rigid =( / ) 2 5
2(where  M = A, the amu nu  clear
mass;  R = 1.25A1/3, the nu clear ra dius) re sult ing in [15]
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Gilbert and Cameron [13] cal  cu  lated the spin
cut-off pa  ram  e  ter for the Bethe for  mula with the re  -
duced mo  ment of in  er  tia
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FIT OF THE LEVEL
DEN SITY  FOR MULA
Each of the two level den  sity for  mula has two
free pa ram e ters. It may be ob tained by fit ting the mea -
sured level schemes ex  per  i  men  tally. We have ap  plied
these for  mu  las to the mea  sured level scheme for 73As
re  ported in tab. 1. Our best fit val  ues ob  tained us  ing
the Bethe for  mula are the level den  sity pa  ram  e  ter a =
=j5.26 MeV–1 and the back shift E1= –2.839 MeV. The
re sults  ob tained  us ing  the  con stant  tem per a ture  for -
mula are T = 1.617 MeV and the back  shift  E0 =
=j–4.791 MeV.
The  ac cu mu lated lev els N (E) as a func  tion of en  -
ergy are plot  ted in figs. 1 and 2. The ex  am  i  na  tion of
these fig ures shows that the agree ment be tween the the -
ory and ex  per  i  ment is very good and both for  mu  las fit
the mea  sured level scheme equally well.
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Fig  ure 1. Plot of the num  ber of lev  els N (E) up to the en  -
ergy E for 
73As to  gether with the fit  ted curve cal  cu  lated
by the Bethe for  mula84 Nu clear  Tech nol ogy  &  Ra di a tion  Pro tec tion  –  2/2009
Ta ble  1.  The  re sults  of  the  an gu lar  dis tri bu tion  mea sure ments  in 
73As
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* The num  bers in the brack  ets in the last two col  umns in  di  cate the un  cer  tain  ties in the de  duced val  ues of the co  ef  fi  cients.
Fig  ure 2. Plot of the num  ber of lev  els N (E) up to the en  -
ergy E for 
73As, to  gether with the fit  ted curve cal  cu  lated
by  the  con stant  tem per a ture  model
Fig  ure 3. The spin dis  tri  bu  tion of low-ly  ing states. The
his  to  gram is the ex  per  i  men  tal data (data from tab. 1).
The curve is the de scrip tion by the sta tis ti cal dis tri bu tion 
with s
2 = 7.820Fur ther more,  the  spin  cut-off  pa ram e ter  s2 has
been ob  tained by fit  ting the known spin dis  tri  bu  tion,
N(J) of tab. 1 with the the o ret i cal ex pres sion (4) shown 
in fig. 3. Our best fit value of this pa  ram  e  ter is s2 =
=.7.820. This de  duced value is very dif  fer  ent from its
cor  re  spond  ing rigid body value of s2 = 14.67. This
find  ing is op  po  site to the claim made by some au  thors
that the spin cut-off pa ram e ter re duces to its rigid body
value at lower en  er  gies.
CON CLU SION
The pur pose of the pres ent study was to pro vide
ad di tional  ex per i men tal  in for ma tion  on  the  ex ist ing
level struc  ture of 73As through (p, ng)  re ac tion.We
have mea  sured the g-ray  en er gies,  branch ing  ra tios
and multipole mix  ing ra  tios of var  i  ous tran  si  tions in
73As.
The com  plete and ex  ten  sive nu  clear level
scheme of 73As pro  vides a suf  fi  cient ba  sis for sta  tis  ti  -
cal  in ter pre ta tions  of  low  en ergy  nu clear  level
schemes us ing  var i ous  tests  of  sta tis ti cal  the o ries.  The
level den  sity near the ground state is well re  pro  duced
by the Bethe for mula as well as by the con stant tem per -
a  ture for  mula if two pa  ram  e  ters are fit  ted.
Then, the spin cut-off pa ram e ter of 73As has been 
de ter mined from  the anal y sis  of  the ex per i men tal  data
on spins of low-ly  ing states given in tab. 1. It is not
con  firmed with its cor  re  spond  ing rigid body value.
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PROU^AVAWE  POBU\ENIH  STAWA  I  GUSTINE  DISKRETNIH
NIVOA  ARSENA  POSREDSTVOM  REAKCIJE  73Ge (p, ng)  73As
Snopovima protona energije od 2.5 MeV do 4.3 MeV ispitivana su pobu|ena stawa 73As
posredstvom reakcije 73Ge (p, ng)  73As. Na osnovu sveobuhvatne {eme nivoa 73As, odre|eni su
parametri formule za gustinu nuklearnih nivoa. Beteova for mula za gustine nivoa po Fermijevom 
{iftovanom gasnom modelu i for  mula po modelu konstantne tem  per  a  ture, upore|eni su sa
eksperimentalno dobijenim gustinama nivoa.
Kqu~ne re~i: {eme nivoa 73As, reakcija 73Ge (p, ng)  73As, ugaona raspodela, Fermijev gasni     
jjjjjjjjjjjjjjjjjjjjjjjmodel